Change in muscle tonus is characteristic of upper motor neuron disease. Upper limb hypertonus is mostly experienced in the flexor muscles group, causing abnormal fixed flexion of the elbow. This in turn leads to functional impairments in daily life (especially in stability while standing and walking, and in activities such as dressing), often accompanied by chronic pain. Extension of the spastic elbow is therefore a significant target goal of the rehabilitation process of these patients.
This study presents the development of a simple, cheap and easy-to-use splint aimed at keeping the elbow extended. The splint is made out of cloth and plastic strips with longitudinal pockets sown into a double layer cloth surface. The splint is then wrapped and tightened around the extended elbow.
The splint was applied to 30 patients with hypertonic flexed elbow. Patients were asked to keep the splint wrapped around their elbows between one to five hours a day, for a period of three weeks. They were instructed to shorten the time of use whenever they felt pain, discomfort or extended pressure on the arm. Most of the patients completed the trial as instructed and expressed their wish to carry on using it. The reported "side effects" included discomfort, feeling of pressure at the critical points and difficult self-application of the splint. The final splint model was developed based on this feedback. Its efficacy in keeping the elbow in an extended position, its low cost price and easy use
Introduction
Increase in muscle tonus with spasticity is usually brought about as a consequence of damage to upper motor neuron (Twitchell, 1951) . In most patients, upper limb hypertonus leads to fixed flexed elbow (Pantano et at., 1996) . The origin of this phenomenon is still unclear, and so is the issue of the optimal treatment for this condition.
There are several intrinsic difficulties in assessing tonus changes. First, a wide variability and unpredictability in tonus changes can be observed over short and extended periods of time. Indeed, factors such as fatigue strain, intercurrent infections, pain, have been shown to have an impact on tonus. The measurement of tonus and assessment of its changes is mostly based on the intuitive clinical judgment of the therapists (Pandyan er al., 1999). Still, most clinicians agree on observed changes in tonus during the rehabilitation process of these patients.
As a result of hypertonic upper limb due to CNS damage, the elbow joint often remains in a bent position. Keeping the elbow extended may improve the patient's overall stability as well as their standing and walking patterns by restoring symmetry to body position (Adams et al., 1990) . The standard technique for keeping the elbow extended is a plastic cast or a stiff rod support, both of which are clumsy, uncomfortable and difficult to apply. In addition they are difficult to clean and need to be replaced often. In this study, the authors sought a splint that would address these limitations. Evaluation of the effect and use of the splint Every patient was evaluated by an occupational therapist for functional activity just prior to application of the splint. During the course of the study, they were asked to complete a follow-up questionnaire (this questionnaire may be obtained by post or E-mail) and report sensations of pain and pressure, the duration of use and ability to use the splint (such as need for help versus self-sufficiency). They were also asked about efficiency and comfort of the splint as well as how it should be amended according to their experience. No significant prolonged effect on the spasticity was found after using the splint, so all of them continue to suffer from spasticity (Ashworth 46).
Length: 320
Width: tra~ezoidal 360x300
Technical characteristics of the splint a) Physics and geometry While inserting the bent arm into a tubeshaped element (i.e. the splint), and attempting to extend the elbow, one must consider three forces acting at three contact points ( Fig. 1): on the elbow joint; on the distal end of the splint on the plantar side; on the proximal end of the splint on the plantar side.
The stronger the tendency of the spastic arm to bend, the greater the forces and hence the pressure of the splint on the arm at the contact points. The force exerted at the elbow would be the greatest. These pressures may hinder the participant and at worst cause damage. To reduce the pressure produced by a given force, the contact surface area of the force should be enlarged and consequently the possibility of creating damage will be reduced.
The splint is made of a piece of cloth, in which long plastic strips (battens) are inserted. Cloth straps (ribbons) sewn to one edge of the cloth surface are used to bandage the splint around the arm, thus creating a rigid sleeve (Fig. 2) .
The overall bending resistance of the battens combined with the friction developed between the battens and the cloth provides the stiffness of the splint. Eventually the bandaging fixes the arm in a straight position in spite of its bending tendency. Optimally, the splint measurements should be adapted individually but practically the standard splint suits the average grown-up person. For children or fat arms the size should be modified accordingly.
c) Surface and pockets
By taking two pieces of strong burlap and sewing longitudinal seams, long pockets were obtained. ii. The distal end of the splint on the plantar side. iii. The proximal end of the splint on the plantar side.
d) Battens
The battens were made of flexible strips of plastic PVC 2mm thick, 1Smm wide and 300mm long. These strips were inserted in the pockets. The pockets facing the elbow joint were left empty in order to reduce the pressure. In the splint for children, the strips were shorter while the other measurements remained the same. Plastic battens of I .S and 3mm thick were also found to be suitable. Battens of aluminum and battens of 2Smm widths were tested but were discarded.
h Fig. 2 . The splint is made of a piece of cloth. in which long plastic strips (battens) are inserted. Cloth straps (ribbons) sewn to one edge of the cloth surface are used to bandage the splint around the arm, thus creating a rigid sleeve. Two forms of surfaces were tried, a square one and a trapezoid. The trapezoid form was found to be more adaptable to the arm. In the trapezoid surfaces, the pockets were trapezoid as well. The pockets facing the elbow joint were left empty in order to reduce the pressure.
Keren, M . Shnarch-Voda, D. Barak and K. Behroozi e) Ribbons
The bandaging of the splint with a standard bandage was efficient but cumbersome. Eventually ribbons fastened with Velcro were found as suitable. The ribbons have male and female Velcro pieces at the opposite ends and they are attached to the cloth surface at the male Velcro end. Optimally the length of a ribbon should be equal to the circumference of the cloth around the arm plus iOcm, and should be adapted according to the place of the ribbon relative to the place on the arm. In practice two short ribbons and three longer ones were found to suit most adults and two short ribbons and two long ones for children.
For description of the dimensions of the standard splint, see Table 1 .
Results

Evaluation of the sp[int
The splints were provided after the occupational therapist recommended their use according to a physical and functional evaluation. Details about the specific indication timing used can be seen in Table 1 . All patients used the splint every day between 0.5 to 6 hours. The splint was taken away only from one patient after two weeks of use due to signs of pressure on the skin. The average time for using a splint was 2 hours a day (maximum 6 hours) for a period of between 2 weeks to 18 months (mean of 3 months) ( Table 2) .
Patients 'feedback
Most of the patients found it relatively easy to use and the ability to extend the arm lasted for several hours after removing the splint. Some complained about pain at the pressure points. Others asked for some changes to make it easier for self-bandaging.
Therapists 'feedback
The splint was found helpful in improving the motion range of the patients' shoulders. The observed decreased tonus was not only at the elbow but also at the wrist and fingers. Several patients reported that they were able to use the splint whilst being treated by the occupational therapist. No patients developed pressure wounds during the study.
Discussion
Upper limb hypertonus is mostly experienced in the flexor muscles group, causing abnormal fixed flexion of the elbow (Band and Hirschberg, 1965 ). This in turn leads to functional impairments in daily life, especially in stability while standing and walking, and in activities such as dressing, and is often accompanied by chronic pain (Bobath, 1985; Gracies, 2001 ). Extension of the spastic elbow is therefore a significant target goal of the rehabilitation process of these patients.
Extension of the spastic elbow can be achieved by the use of the splint that was presented in this study; this tool is inexpensive and easy to manipulate. Its use is appropriate only in conditions where the elbow can be straightened (even passively). The aim of its use is to keep the elbow in an extended position although it cannot be used as an initial remedy for stretching the elbow. A static splint was developed, as opposed to a dynamic one, in order to enforce full extension of the elbow. Whenever there is a scar which is still active (such as with bum-injured patients), an active splint is preferred (Richard et al., 1995) . Extending the elbow makes physiotherapy of the shoulders more efficient. It also enables the differentiation of movements of the shoulder and the reduction of tonus of the fingers: it is indeed much easier to stretch the forearm and fingers while the elbow is extended. Practising walking is more productive while the elbow is extended. Also, some patients reported an improvement in their attention span during a cognitive activity, while they were able to sit with their elbow straightened.
Provided the patient and/or hisher family understand the need of the splint and are aware of the precautions that should be taken while applying it, the splint is appropriate for use at home, even for a long period. Use at home is especially recommended when the potential benefits to the patient of having his elbow straightened are clear. Nerve block, instead of 'casting, can be used for reducing tonus (Grazko et al., 1995), before applying the splint.
Most of the patients needed help for wrapping the splint, yet they were able to unwrap it by themselves quite easily. As long as the splint is used under professional supervision, such as was done in the present study, no complications such as pressure points and pain are expected to develop. The impact of the splint on the elbow tonus persisted several hours after the splint was removed.
Therapeutic splint for hypertonic flexed elbow 
Conclusion
The presented splint enables the elbow to remain extended in "flexion hypertonus" patients, provided that full extension of the arm was achieved. The splint is cheap, easy and simple to use, and may be taken off whilst washing, therefore facilitating daily life activities as opposed to the plaster splint.
